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(57) Abstract: Colored images are divided into color planes and watermarks are inserted into the individual color planes (321). One 
or more watermarks can be inserted into one or more of the color planes (323c). In order to print a color image the image is divided 
into color planes corresponding to the colors of ink used for printing. A separate plate is used to print each color (324c). The different 
plates must be precisely aligned. Any misalignment will cause blurring in the image and may make it difficult or impossible to read 
a watermark in the image. Misalignment of the plates can cause the watermark data in one color plane to, in effect, cancel out the 
watermark data in a different color plane. With the present invention a watermark is inserted into a selected color plane only, thus 
there is no concellation due to misalignment of color plates. The watermark detection and reading can be done after the image is 
divided into color planes. 
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Watermarking an Image in Color Plane Separations 
and Detecting such Watermarks 

s Field of the Invention; 

' Thepresenl invention relates .o sinograph, and more particularly ,0 rns.rtrng 
digital watermarks in images and to detecting and reading such watermarks. 

R*rk„found an t «r., m marv of the invention : 

,„ The technology for inserting digital watemrarKs into rmages is well developed. For 
mpt seeled U.S. patents ,BB,2S0 (Rhoads,. ,030.359 (Cok, ^00 

(Moskowitz,. and 6,122.403 (Rhoads, and co-pending application sena, numbe 

09,553.084 fried 4/,g,00. all of which are hereby incorporated here.n by reference. 

Watermarking technology is also included in some commercially ava a » ™* 
, 5 edtttn, programs such as "Adobe Photshop" which is marketed by Adobe Corporahon 

of San Le Ca,«omia and -Core, Draw" which is marked by Core, Corporate of 

Ontario Canada. 

Colored images are genera,,, stored in computers us.ng a RGB 
20 format The above referenced commerc,a„y ava,,ab,e programs atsert a wafemta* 

into an RGB image by modifying the luminance value of pixels ,n .he image. The value 
ach color plane in fhe image is modified by fhe known relationship _ o^ra,, 

.uminance and the value o, each color plane For examp,e, ,, - known fh , the «,o 

between overall .uminance and fhe value of the colors ,n an RGB image ,s 0.3 for Red. 
25 0.6 for Green and 0.1 for Blue. 

, n many s„ua,,ons beder results can be achieved if .he watermark is inserted 
adaptive* Tha, is. if the intensity of the watermark inserted ,n each partrcutar area of 

he 1 is ad,us,ed in accordance with the data h,d,ng atthbutes assocrr e w,h fha, 
30 particuiar area 0, fhe image,. The above referenced commerce, ,mag ed«g 

programs insert wa.ermarks into images adapfively. Co-Pendmg applroafron Sena, 

number 00,553.084 f„ed 4,19/00 (which is incorporated herein by reference, descnbes 

adapting the watermarking process to the color of an rmage. 
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Colored images are printed using multiple printing plates. The image is divided into 
color planes corresponding to the colors of ink used to print the image. Each color is 
printed using a separate plate which prints that color. For example an image may be 
separated into Cyan, Magenta, Yellow and Black (CMYK) color planes. A separate 
5 plate is used to print each color. The different plates must be precisely aligned. Any 
misalignment of the plates will cause blurring in the image and may make it difficult or 
impossible to read a watermark that was embedded in the image. 

That is, when a image contains digital watermark data in each color plane, 
10 misalignment of the plates used to print different colors can cause the watermark data 
in one color plane to, in effect, cancel the watermark data in a different color plane. 

Figure 1 illustrates the main steps in an image watermarking process. The process 
begins with an image 101 which has RGB (red, green blue) values for each pixel in the 

1 5 image. The object of the process is to insert watermark payload data 102 into image 
101. The change (or tweak) for the luminance of each pixel in image 101 which will 
insert the payload 102 into the image is calculated. An example of how tweak values 
can be calculated is shown in the above referenced issued U. S. patents and in other 
publicly available literature. The tweak values for the luminance are changed into 

20 changes in RGB values as indicated by block 105. The transformation is done 

according to the known relationship between color values and luminance. Generally 
the luminance of a pixel can be approximated as 0.3 times the red value plus 0.6 times 
the green value plus 0.1 times the blue value. 

25 The color values of each pixel in the image 101 are changed by the calculated 

amounts as shown in Figure 1 B in order to watermark the image. Watermark data tile 
116 specifies the amount of change in luminosity for each pixel in a square array of 
pixels. The pixels in the image 101 are divided into an array of squares that have the 
same size as the tile 116. The amount that the pixels in image 101 are changed is 

30 adapted to the characteristics of the image. For example consider two squares 1 1 8a 
and 1 18b in the image 101. If the characteristics in square 1 18a are such that it can 
carry less watermark signal than the characteristics of the image in square 1 18b, the 
pixels in square 1 1 8a may only be changed by one half of the amount specified in tile 
1 16 and the pixels in square 1 18b may be changed by the full amount specified in the 

-2 - 
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He 116. The technology for adaptively insert-ng watermark s.gna.s in an .mage using 
various techniques is known. 

Finally, as indicated by block 107, the RGB colors are changed into CMYK (cyan. 
5 magenta, yellow, and black) values for printing, and each color is printed w,th a 

separate plate as .ndicated by block 1 08. .f the plates used to print the different colors 
are misal.gned, the watermark in one color can effectively cancel the watermark ,n 
another color. 

,0 Printing with misaligned plates is illustrated in Figure 2. which shows (greatly 

exaggerated and singed, the areas printed by dmeren, plates .or two pixels ,n the 
, ma ge To facilitate itlus.ra.ion and explanation, in Figure 2, rectangles are used to 
des, g na,e the area pnnted by a firs, color plate and the circles are used ,o designate 
areas printed by a different color plate The areas are .he size of one pure, ,n the 
, 5 image. I. is noted that in a typical printing process .he areas would have the same 
shape. They are shown here as having differen, shapes for ease o, illustration and 
explanation. I. Is also noted ,ha, each pixel area would normal* contaot multiple nK 
O o,s The ac«ua, inx dote are not shown in Figure 2. As illustrated ,n Figure 2. square 
201C represents .he cyan printing from one pixel in the image and Circle 20fY 
20 represents .he yellow printing from this same pixel. The same appiies to sc,uare202C 
and circle 202Y. If .he plates where aligned, the circles and squares would be directly 
on top of each other. However, in the illustration shown in Figure 2. due to 
misalignment of .he printing plates, .he circles and squares ate no, aiigned. Let us 
assume that the watetmattung process increased the tuminance o, the ptxel from 
25 which square 20.C and circle 20tV originated and decreased the luminance offite 
adjacent pixel. Since the ptates were misaligned, in .he area where arde 201Y 
ov daps square 202C. .he plus incremen. in crcle 201Y would cance, .he negafive 
decrement in square 202C Thus, misalignmen, o, printing plates can have the effect 
of a. leas, partially canceling watermark date in an image. In most situations the 
30 misalignment would no, comptetety cance. the watermat* data; however. ,. would 
weakens the watermark signal. 

One aspect of the present invention is directed to minimizing the effect of plate 
misalignment on the detectabi.ity and readability of watermark data in an ,mage. 
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The effect of misalignment of the printing plates is minimized by detecting the 
dominate color in an image and inserting a watermark only into that color plane of the 
image, in another embodiment of the invention, the image is divided into regions and 
the dominant color in each region is determined. In each region the watermark data is 
5 inserted into the dominant color in that region. In still another embodiment of the 

invention, a first watermark is inserted into the dominant color plane of an image and a 
second watermark is inserted in one of the other color planes of the image. In still 
another embodiment of the invention the dominant color of the entire image (or of a 
region of the image) is detected and the watermark is inserted into the dominant color 
10 if that color is on the yellow-blue axis. If the dominant color is not on the yellow-blue 
axis, the watermark is inserted into the strongest of the secondary colors. 

In a situation where an image is watermarked by first separating the image into color 
planes and inserting a watermark into one or more color plane, it is easier to detect 
15 and read the watermark if the image is first separated into the same color planes as 
the color planes used during the embedding and printing operation. If one knows the 
color planes into which the image was divided during the insertion process, during the 
detection and reading process one would divide the image into these same colors 
before performing the detection and reading operation. 

20 

However, if one does not know the color planes into which the image was divided 
before the watermark was inserted (that is, if one does not know the color of the inks 
used to print the image), one can approximately determine the colors of the inks used 
to print the image by: First translating the image into a representation such as for 
25 example a HSI (hue saturation intensity) and next making a histogram of the hue 
values of the pixels in the image. The dominant hues represent an approximation of 
the colors used to print the image. The image can then be divided into these colors 
and the watermarks read from these colors. The histogram can also be made using 
other similar representations such as HSV, YUV, YcrCb, etc. 

30 

Multiple watermarks can be embedded into a single image by first dividing the image 
into multiple color planes, and by embedding a different watermark in each color plane. 
If the orientation of the watermark introduced into each color plane differs from the 
orientation of the watermarks in the other color planes, any noise created by miss- 
35 registration of the printing plates is non-correlated and thus the watermark in one color 

-4- 
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would not interfere with reading the watermark from a different color. Thus, when 
introducing watermarks in more than one color plane, the watermarks in the different 
color planes can be introduced in different orientations to minimize no.se. 

5 It is also noted that when an image is rasterized for printing, the rasterization for each 
color plane is typically done in a different direction. For example if the CMYK co.ors 
are used the orientations might be Cyan 0 degrees. Magenta 45 degrees. Yel.ow 15 
degrees, and black 75 degrees. The orientations are set by the printer. Better 
detection can be achieved if the watermark is introduced in each color plane at the 

,o same angle as the angle used to pnnt that color plane. In this way. the rastenzat,on 
proceeds parallel to the watermark orientation. 

Brief Description of the F igures: 

Figures 1 A and 1B illustrate the process of inserting a watermark into an image. 
1 5 Figure 2 illustrates the effect of misaligned printing plates. 

Figure 3 is an overall flow diagram of a process of inserting different watermarks ,n 

different color planes of an image. 
Figure A is a more detailed diagram illustrating how a watermark can be adaptive.y 
added to different color planes of an image. 
20 Figure 5 is a block diagram illustrating how a watermark can be inserted in the 
dominant color plane of an image. 
Figure 6 is a block diagram illustrating how an image can be divided into regions and a 

watermark inserted into the dominant color plane in each region. 
Figure 7 illustrates an image divided into regions or areas. 
, 5 Figure 8 is a block diagram of a system for practicing the invention shown m F.gure 5. 
Figure 9 is a block diagram of a watermark detection and reading process. 
Figure 10A to 10D are diagrams used to explain how one detects the co.ors used to 
print an image. 

Figure 10E is a block diagram of the process which determines which color plane of an 
30 image contains a watermark. 

Detailed Description: 

The specific embodiments of the invention described below relate to inserting 
watermarks into single images (i.e. still images). It should however be appreciated 
35 that the invention is equally applicable to watermarking video images. 

-5- 
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In the first embodiment described an image is divided into the color planes used to 
print the image and a watermark is then inserted into one or more or more of the color 
planes. The watermarks inserted into different color planes can be the same 
5 watermark or they can be different watermarks. In a subsequently described 
embodiment, the dominant color plane of the image (or of part of the image) is 
determined and a watermark is inserted into the dominant color, tn still another 
embodiment the watermark is inserted into the dominant color plane or into another 
color plane dependent upon certain conditions that are described. Finally several 
10 embodiments directed to reading the watermark and detecting the color plane from 
which the watermark is to be read are described. 

The overall steps in the process of inserting different watermarks into different color 
planes of an image is shown in Figure 3. The process can begin with a conventional 

15 image 101 which is stored in a conventional RGB format. As is known, in order to 
print an RGB image it is generally separated into the four, CMYK, color planes as 
indicated by block 321. The color planes are designated 322C, 322M, 322Y and 
322B in Figure 3. The process of separating an image into CMYK color planes is 
explained in detail in books including "Color PC and "The Color Mac," both by Marc 

20 Miller. Such a process is implemented in many commercially available programs such 
as "Adobe Photoshop" which is marketed by Adobe Corporation of San Jose California 
and "Corel Draw" which is marked by Corel Corporation of Ontario Canada. The color 
planes into which an image is separated need not be CMYK. In some situations the 
color separations for an image are individually designed. 

25 

In accordance with an embodiment of the present invention, each separated image is 
operated on separately as indicated by blocks 323C, 323M, 323Y and 323B. A 
watermark is adaptively added to each color separation as described later with 
reference to Figure 4. Finally each color plane is printed as indicated by blocks 324C, 
30 324M, 324Y and 324B. 

Figure 4 illustrates in more detail how the process of inserting a watermark in an image 
operates relative to two areas of an image 101 that are designated 432a an 432b. In 
Figure 4 the four CMYK color separations of image 101 are shown as separations 
35 431C, 431M, 431 Y and 431B. The watermark data tile 433 specifies the amount of 
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change for each pixel in an area in order to add a particular digital watermark to an 
image. The image is divided into squares the size of this tile and the pixels in each 
square are changed by some percentage of the amount specified in tile 433. The 
amount of the change in each square area in each of the color planes in image is 
5 established by determining the amount of change that can be made without creating 
visual artifacts. 

As an example, Figure 4 shows two areas designated 432a and 432b. For purposes 
of illustrating the operation of the present invention, assume that areas 432a and 432b 
have the same overall luminance characteristics but that the luminance characteristics 
of each of the color planes differs in area 432a and 432b. If the prior art technology 
was used, the intensity of the watermark in both areas would be equal since the overall 
luminance of the two areas is identical. However the present invention takes into 
account the luminance characteristics of the individual color planes. This could for 

15 example result in: 

Area 432a: 60 percent in the yellow plane and 90 percent in the magenta 

plane 

Area 432b 75 percent in the yellow plane and 35 percent in the magenta 
plane. 



10 



20 



25 



30 



For simplicity in illustration the percentages in only two of the color planes is shown .n 
Figure 4. Naturally in any practical image, all four colors would be involved and the 
watermark added to each area would be adapted to the characteristics of that area in 
each color separation. 

A variety of techniques are described in the prior art for adaptively encoding a 
watermark in an image. In some adaptive techniques the response characterist.es of 
the human visual system (HVS) are taken into consideration and the frequency domain 
or pixel domain attributes of the encoding is tailored accordingly. Others techniques 
employ what can be considered to be simpler approaches, e.g., increasing the 
encoding energy in spatial regions (or frequency spectra) that already have high 
energy or in regions of rapid local change in pixel energy. The principles of the 
present invention can be employed utilizing the adaptive techniques of various know 
adaptive technologies. That is, with the present invention a separate watermark can 
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be inserted in each color separation using anyone of a variety of adaptive 
technologies. 

The image 101 could be any type of image. For example the image may contain lines 
5 the width of which are varied to carry a watermark, or the image may comprise a 

weave or tint pattern that carries a watermark, in accordance with the teachings of US 
applications 09/074,034, filed May 6, 1998 (corresponding to PCT/US99/08252, now 
published as W099/53428), and 09/127,503, filed July 431 , 1998 (corresponding to 
PCT/US99/1 45432). The disclosures of the above referenced documents are hereby 
10 incorporated herein in their entireties by reference. 

In the above embodiment of the invention the same watermark data payload is 
encoded into each of the color planes. That is tile 433 in Figure 4 is used to encode a 
watermark in each color plane. In an alternative embodiment, different watermark data 
15 isadaptively encoded into each different color separation. That is, with reference to 
Figure 4, instead of the one color tile 433, there could be a number of color tiles 433a, 
433b, etc., up to one for each color separation. Different tiles would then be used to 
encode data in different color planes. 

20 The above description had been directed to the encoding process. Similarly, an 
image can first be separated into color planes and then a detection process can be 
applied. The watermarking detection and reading process in programs such as the 
previously referenced image editing programs is applied to the image before the image 
is separated into color planes. In situations where the watermark has been inserted 

25 into an image after the image has been divided into color planes, in order to easily 
detect a watermark, the image can first be divided into color planes and the detection 
mechanism can be applied to the data in the individual color separations. Thus, in a 
four color plane separation, there would be four detection and reading results which 
could be combined in various manners to achieve increased reliability in the detection 

30 process. 

In the embodiments described with reference to Figures 3 and 4, an image is divided 
into the colors used to print the image and the same or separate (i.e. different) 
watermarks are inserted into these color planes. In an alternative embodiment, the 
35 image is divided along a different axis and the same or different watermarks are 

- 8 - 
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inserted into the images which result from the division. Preferably (but not 
necessarily) the axis are orthogonal. For example an image that will be printed wrth 
CMYK plates can be divided into RGB colors and a watermark inserted into each of 
these color planes. Alternatively one watermark may be inserted by chang.ng the 
5 luminosity values and a different watermark can be inserted by changing the 

chromaticity values. Among other reasons, watermarks can be inserted in this way to 
for security reasons. 

An alternate embodiment of the invention is shown in Figure 5. In the embodiment of 
10 the invention shown in Figure 5, a watermark is inserted into the dominant color plane 
of an image. Using this technique, if the plates used to print an image are not ahgned. 
there will be no cancellation or degradation of the watermark due to the misahgnment. 
The embodiment of the invention shown in Figure 5 is directed to placing watermark 
payload data 502 in an RGB (red green blue) image 501 . The tweak values needed 
to insert the watermark payload data in the image are calculated in a norma, manner. 
This can be done in accordance with prior art watermarking technology. Normally 
such values are calculated in a adaptive manner, taking into considerate the 
characteristics of the image. For example see the above referenced issued patents 
and co-pending patent application. 

The image 501 is prepared for pnnting by changed from RGB colors to CMYK colors in 
accordance with the conventional know transformation equations as indicated by b.ock 
503 As indicated by block 505, the dominant color in the image is calculated. Th.s 
can be done simply by adding together the values of each color for each pixe. m the 
image That is the Cyan values for each pixel in the image are added together, the 
yellow values for each pixel in the image are added together, etc. The color w,th the 
highest cumulative value is then taken as the dominant color. Other known techn.ques 
can also be used to determine the dominant color in an image. 

The tweak values are then changed to tweak values for the dominant color as 
indicated by b.ock 508. This can be done in various ways. The simplest is to apply 
the entire tweak to the dominant co.or plane. For example for a CMYK image, rf C ,s 
the dominant co.or. then coefficients of 1 . 0,0,0 cou.d be used to apply the tweak to the 
various colors. 



20 



25 



35 
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As indicated by block 508, the value of each pixel in the dominant color plane is then 
changed in accordance with the calculated tweak values. Finally the image is printed 
as indicated by block 509. Since the watermark data is only in one of the color planes, 
misalignment of the printing plates will not affect the readability or delegability of the 
5 watermark data. 

Another alternate embodiment of the invention is shown in Figure 6. In the 
embodiment shown in Figure 6, the image is divided into regions as indicated by block 
605 and shown in Figure 7. The dominant color in each region is then calculated. 
10 This calculation can be made on an area by area basis using the same technique as 
previously described for determining the dominant color in the entire image. 

The tweak values are calculated for the dominant color in each region as indicated by 
block 607. The value of the dominant color in each region is then changed in 
15 accordance with the calculated values as indicated by block 608. 

This embodiment involves more calculations than does the first embodiment; however, 
it has the advantage that if the dominant color changes from region to region, the 
watermark data will be in the dominant color in each regions. 

20 

In the embodiments described with reference to figures 5 and 6, the watermark is 
inserted in the dominant color plane. In an alternative embodiment, the watermark is 
inserted in the dominant color plane only if the dominant color plane is on the yellow 
blue axis. If the dominant color plane is not on the yellow-blue axis, the watermark is 
25 inserted in the strongest of the secondary colors. 

A system for practicing the invention is shown in Figure 8. The system shown in 
Figure 8 can be a conventional personal computer 800 running the Microsoft Windows 
operating system. The system would include subprograms to perform the indicated 

30 functions. The subprograms in the system include program 803 to change the RGB 
colors to CMYK colors, program 805 the determine the dominant color in the image as 
previously described, program 804 to calculate the tweak values required to add the 
watermark data to the image, program 807 to change the tweak values to changes in 
value for the dominant color, and program 808 to change the pixel values of the 

35 dominant color in accordance with the tweak values, and program. The computer 800 
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WO u,d inctude a» of .he inpu.-ou.pu, devtces and Cher programs regu.arty ava«ab,o on 
personal computers. 

A process .or de<ec,ing and reading a wa.ermarK is i»us.ra«e in F,gure 9. I. is noted 

, ZZ < .He purposes c, inserting a wa.ermarK in.o a pad.ou.ar se,ec,ed c*r piane 

is .o improve .he reiia«,y and accuracy o. .he watermarK de.eo„on and eadng 

Per .ion. ,n «he examp,e shown an image was printed using CMYK color pfcnes nd 

Z wa.ern.ar, was .needed into .he dom.nan, co,or p.ane as prevous V exp,a^ 

his si.ua.ion during .he de.eCon process .he image 900 is d,v,ded ,n<o .he CMYK 
,h,s situaao b aBemp(s (o detec( and read a 

in color planes as indicated by blocK yui . Nexi, ui ^ 

« llrK from eac* oo,or p.ane as indeed by b.ocK 903. or one determines he 
dominan. color plane, as indioa.ed by blo* 905 (.his is ei.her .or .he en.„e .mage or 
reaotslegion o, .he image, and .he wa,erma* is .hen read «rom .he domman. 
Irtane. The above example assumed ma. one Knew .ha. .he .rnage had been 

15 printed using CMYK colors. 

„ 0 „e does no. Know wha, colors were used .o prin. an image, .he process ^r*ed 
,„ Figures 10A to ICE can be used. In .hie process a MS, represent o me .mage 
I generated. (I. is no.ed .han any represen«a.ion wi,h a ,uminos,.y represen, „on 
YUV YcrCb etc. could have been used). A conventional single 
» suchasHSV.YUV.Ycroo. _ „ 10A „ is important to note from this 

hexcone HSI color model .s shown .n Figure 10A. It is .mpo 

pom, or pixel. The length o, ,he vec.or to the point represents the 
angle represent .he hue. I. a his,ogram o, .he hue and sa.ura„on o ea« 
3„ pld as shown in Figure 10C. the poaKs.P1.P2 and P3 represen he ~ 
were probably used «o prtn, ate particular image. This is most l,Ke.y ,o b .he ca e 
th e image was prtn,ed w*h non.vedapp.ng colors such as ,e ,or 
„ems such as greeting cards. It is noted ,ha, a.,erna.ive,y the locauon of, he farthest 
„: s L ,he ceate o, .he p,ane can be de.erm.ned from a represent such as 
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shown in Figure 10B. The points P1, P2, and P3 in Figure 10B also represent the 
colors of ink probably used to print the image. 

A block diagram of the process for determining the dominant color in an image is 
5 shown in Figure 10E. The image (or a portion of the image of interest) is transformed 
into an HSI representation if it is not already in this form. The image could be an RGB 
image which for example was obtained over the internet or the image could have been 
obtained by scanning a document. A histogram of the hue and saturation values 
(such as that shown in Figure 10C is then generated as indicated by block 903. The 
10 maximum hue and saturation values are selected as indicated by block 904. These 
values represent the dominant colors in the image (or in a part of the image that was 
examined). The watermark can then be read from this color plane. 

In the above described embodiments, a single watermark is inserted into a selected 
15 color plane. In an alternate embodiment, multiple watermarks are be embedded into a 
single image by first dividing the image into multiple color planes, and by embedding a 
different watermark in each color plane. The watermark introduced into each color 
plane is introduced into the color plane with an orientation that differs from the 
orientation of the watermark in the other color planes. Since the orientations differ, 
20 any noise created by miss-registration of the printing plates is non-correlated and thus 
the watermark in one color plane would not interfere with reading the watermark from a 
different color plane. In summary, with this embodiment, watermarks are introduced 
into more than one color plane; however, the watermarks in the different color planes 
are introduced in different orientations thereby minimizing noise. 

25 

The present invention can be used as a security feature, the security of watermark 
data can be enhanced by encrypting watermark data before the data is inserted as a 
watermark in one particular color plane of an image. The key needed to decode the 
encrypted data can be added in a different color plane of the image. The legitimate 
30 user could then be informed of the color planes herein the data and the key are stored 
and the watermarks could be read from these color planes to obtain the key and the 
encrypted data (which could be decrypted using the key). An illegitimate user would 
have a difficult time reading the key and the encrypted data. 
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,t is also noted that when an image is rasterized for printing, the rasterization for each 
color is typically done in a different direction. For example if the CMYK colors are 
used to print an image, the onentations of the rasterization for Cyan may be at 0 
degrees, the Yellow "15" degrees, the magenta "45" degrees, and the black 75 
5 degrees. The orientations are set by the printer. Better detection can be ach.eved ,f 
the watermark is introduced in each color at the same angle as the angle used to pmt 
that color, in this way. the rasterization proceeds parallel to the watermark 
orientation. 

,0 As the printing rasterization reso.ution is increased, the noise introduced by rasterizing 
the watermark an angle different from the watermarks orientation becomes less. 
Therefore, rasterizing at 600 dpi at 45 degrees of a 75 dpi watermark would have 
nominal re-samp.ing noise. However rastenzing at 133 dpi at 45 degrees of a 120 d,p 
watermark would have significant noise. 

,t is noted that as described above, the watermark is added to the image adding a 
-tweak" value to an image signal. In alternative embodiments of the invent.cn, 
multiplication or some non linear function can be used instead of addition. It ,s also 
noted that while the examples given relate to watermarking in the spatia. doma.n, the 
20 invention is equally applicable to watermarking in the frequency doma.n. 

While the invention has been shown and described with respect to preferred 
embodiments thereof, it should be understood that other changes in form and deta.l 
m ay be made without departing from the spirit and scope of the invention. The scope 
25 of the invention is limited only by the appended claims. 
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I claim: 

1) A method of watermarking an image comprising the steps of 
dividing said image into color planes, 
determining the dominant color in said image, 
5 inserting watermarking data in said dominant color plane, 

whereby miss-registration of color plates when said image is printed will not affect the 
detectability or readability of said watermark data. 

10 2) A method of watermarking an image comprising the steps of 

dividing said image into color planes, 

dividing each color plane into multiple areas, 

determining the dominant color in each of said areas, 

inserting watermarking data in the dominant color plane in each area, 
15 whereby miss-registration of color plates when said image is printed will not affect the 

detectability or readability of said watermark data. 

3) A method of watermarking an image comprising the steps of 
dividing said image into color planes, 

20 determining the dominant color in said image, 

inserting watermarking data in said dominant color plane if said dominant color plane 
is on the yellow-blue axis and inserting said watermark in the strongest secondary 
color if said dominant color is not on the yellow-blue axis, 

whereby miss-registration of color plates when said image is printed will not affect the 
25 detectability or readability of said watermark. 

4) The method of watermarking an image comprising the steps of 
dividing an image into a plurality of color planes, 

inserting a digital watermark into at least one of said color planes, 
30 using separate printing plates to print each of said color planes. 

5) The method recited in claim 4 wherein said watermark is inserted in a color plane 
adaptively, 
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6) the method recited in claim 5 wherein watermarks are inserted in two or more of 
said color planes. 

7) The process of watermarking an image comprising the steps of 
5 inserting two watermarks in said image by, 

changing a first parameter of said image along a first axis to insert a first watermark, 
changing a second parameter of said image along a second axis to insert a second 
watermark, 

said first and second axes being orthogonal to each other. 



8) The process recited in claim 7 where said first axis is luminance and said second 
axis is chromaticity. 

9) The process of reading a watermark by dividing said image into separate color 
15 planes, 

reading a watermark from said separate color planes. 

10) The process recited in claim 9 wherein said image is divided into the colors used to 
print said image. 

20 r 

1 1) The process of reading a watermark from an image comprising the steps of, 
determining the colors of the inks used to print said image, 

dividing said image into said colors to generate a plurality of color planes, 
reading said watermark from said separate color planes. 

12) The process recited in Cairn 1 1 comprising determining the colors used to print 
said image by changing said image into a representation that has a hue component, 
generating a histogram of said hue component, 

determining the dominant hue and determining the co.or which created sa.d hue. 

30 

13) The process of inserting a watermark into an image by 
dividing said image into a plurality of color planes, and 
inserting a watermark into at least one of said color planes. 
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14) The process recited in claim 13 wherein said image is divided into a plurality of 
color planes. 

15) The process recited in claim 13 wherein said image is divided into the color 
5 planes used to print said image. 

16) The process of watermark an image which is printed using multiple color plates, 
the rasterization of each color plate being at a different orientation; said process 
comprising, 

10 dividing said image into a plurality of color planes corresponding to said color plates, 
and 

inserting a watermark into at least one of said color planes at an orientation 
corresponding to the orientation of the corresponding printing plate. 

15 17) The method of determining the color inks used to print an image by, 
generating a histogram of the hues of individual pixels of said image, 
selecting the hues corresponding to the highest points on said histogram and 
determining the colors corresponding to said hues. 

20 18) The method of determining the color plane of an image which contains a 
watermark 

comprising the steps of generating a representation of said image in a representation 
that includes intensity, determining the pixels that have the highest saturation values, 
determining the hues of said pixels and then determining the colors corresponding to 
25 said hues. 
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